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BIOENERGY GENERATOR 

TECHNICAL FIELD 

Exemplary methods, Systems and/or devices presented 
herein generally relate to bioenergy generators or “biogen 
erators' Suitable for use in implantable devices. 

BACKGROUND 

Implantable devices often have limited electrical power 
Supply; thus, a need exists for new Sources of electrical 
power. 

SUMMARY 

An exemplary biogenerator includes a biomotor portion 
and a generator portion and is Suitable for use with, in and/or 
as an implantable device. An exemplary method includes 
inducing an electromagnetic force in a coil using a biomotor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Features and advantages of the described implementa 
tions can be more readily understood by reference to the 
following description taken in conjunction with the accom 
panying drawings. 

FIG. 1 is a simplified diagram illustrating an exemplary 
implantable Stimulation device in electrical communication 
with at least three leads implanted into a patient's heart and 
at least one other lead for delivering Stimulation and/or 
Shock therapy. 

FIG. 2 is a functional block diagram of an exemplary 
implantable Stimulation device illustrating basic elements 
that are configured to provide cardioversion, defibrillation, 
pacing Stimulation and/or autonomic nerve Stimulation or 
other tissue and/or nerve Stimulation. The implantable 
Stimulation device is further configured to Sense information 
and administer Stimulation pulses responsive to Such infor 
mation. 

FIG. 3 is a block diagram of an exemplary biogenerator 
having a biomotor portion and a generator portion. 

FIG. 4 is an approximate diagram of an exemplary 
biomotor. 

FIG. 5 is an approximate diagram of a rotating coil 
generator for use with a biomotor. 

FIG. 6 is an approximately diagram of a rotating magnet 
generator for use with a biomotor. 

FIG. 7 is an approximate diagram of a rotating magnet 
generator for use with a biomotor having more than one pair 
of poles. 

FIG. 8 is an approximate diagram of various Stator 
configurations for a rotating generator. 

FIG. 9 is an approximate diagram of various biogenerator 
cell configurations. 

FIG. 10 is an approximate diagram of an exemplary 
biogenerator having a rotating magnet generator. 

FIG. 11 is an approximate diagram of an exemplary 
biogenerator having a rotating coil generator. 

FIG. 12 is an approximate diagram of an implantable 
device having one or more biogenerators. 

FIG. 13 is a block diagram of an exemplary method for 
inducing an emf using a biogenerator. 
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2 
DETAILED DESCRIPTION 

The following description is of the best mode presently 
contemplated for practicing the described implementations. 
This description is not to be taken in a limiting Sense, but 
rather is made merely for the purpose of describing the 
general principles of the implementations. The Scope of the 
described implementations should be ascertained with ref 
erence to the issued claims. In the description that follows, 
like numerals or reference designators will be used to 
reference like parts or elements throughout. 
Overview 

Various exemplary bioenergy generators are disclosed 
herein. The bioenergy generators are Suitable for use in 
implantable Stimulation devices and, in particular, Stimula 
tion devices capable of Stimulating muscle and/or nerve 
tissue. In general, a bioenergy generator includes a “biomo 
lecular motor” portion and an electric generator portion. 
Details of exemplary bioenergy generators are described 
below after a brief description of exemplary implantable 
Stimulation devices. 

Exemplary Stimulation Device 
Various exemplary bioenergy generators and/or methods 

are optionally implemented in connection with any Stimu 
lation device that is configured or configurable to Stimulate 
nerves and/or Stimulate and/or shock a patient's heart. 

FIG. 1 shows an exemplary stimulation device 100 in 
electrical communication with a patient’s heart 102 by way 
of three leads 104, 106, 108, suitable for delivering multi 
chamber stimulation and shock therapy. The leads 104,106, 
108 are optionally configurable for delivery of stimulation 
pulses Suitable for Stimulation of autonomic nerves. In 
addition, the device 100 includes a fourth lead 110 having, 
in this implementation, three electrodes 144, 144, 144" 
Suitable for Stimulation of autonomic nerves. This lead may 
be positioned in and/or near a patient's heart or near an 
autonomic nerve within a patient's body and remote from 
the heart. The right atrial lead 104, as the name implies, is 
positioned in and/or passes through a patient's right atrium. 
The right atrial lead 104 optionally senses atrial cardiac 
Signals and/or provide right atrial chamber Stimulation 
therapy. As shown in FIG. 1, the stimulation device 100 is 
coupled to an implantable right atrial lead 104 having, for 
example, an atrial tip electrode 120, which typically is 
implanted in the patient's right atrial appendage. The lead 
104, as shown in FIG.1, also includes an atrial ring electrode 
121. Of course, the lead 104 may have other electrodes as 
well. For example, the right atrial lead optionally includes a 
distal bifurcation having electrodes Suitable for Stimulation 
of autonomic nerves. 
To Sense atrial cardiac Signals, Ventricular cardiac signals 

and/or to provide chamber pacing therapy, particularly on 
the left side of a patient's heart, the stimulation device 100 
is coupled to a coronary sinus lead 106 designed for place 
ment in the coronary Sinus and/or tributary veins of the 
coronary Sinus. Thus, the coronary Sinus lead 106 is option 
ally Suitable for positioning at least one distal electrode 
adjacent to the left ventricle and/or additional electrode(s) 
adjacent to the left atrium. In a normal heart, tributary veins 
of the coronary Sinus include, but may not be limited to, the 
great cardiac vein, the left marginal vein, the left posterior 
Ventricular vein, the middle cardiac vein, and the Small 
cardiac vein. 

Accordingly, an exemplary coronary Sinus lead 106 is 
optionally designed to receive atrial and Ventricular cardiac 
Signals and to deliver left ventricular pacing therapy using, 
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for example, at least a left ventricular tip electrode 122, left 
atrial pacing therapy using at least a left atrial ring electrode 
124, and shocking therapy using at least a left atrial coil 
electrode 126. For a complete description of a coronary 
Sinus lead, the reader is directed to U.S. patent application 
Ser. No. 09/457.277, filed Dec. 8, 1999, entitled “A Self 
Anchoring, Steerable Coronary Sinus Lead” (Pianca et al.); 
and U.S. Pat. No. 5,466,254, “Coronary Sinus Lead with 
Atrial Sensing Capability” (Helland), which are incorpo 
rated herein by reference. The coronary sinus lead 106 
further optionally includes electrodes for stimulation of 
autonomic nerves. Such a lead may include pacing and 
autonomic nerve Stimulation functionality and may further 
include bifurcations or legs. For example, an exemplary 
coronary sinus lead includes pacing electrodes capable of 
delivering pacing pulses to a patient's left ventricle and at 
least one electrode capable of Stimulating an autonomic 
nerve. An exemplary coronary sinus lead (or left ventricular 
lead or left atrial lead) may also include at least one 
electrode capable of Stimulating an autonomic nerve, Such 
an electrode may be positioned on the lead or a bifurcation 
or leg of the lead. 

Stimulation device 100 is also shown in electrical com 
munication with the patient's heart 102 by way of an 
implantable right ventricular lead 108 having, in this exem 
plary implementation, a right ventricular tip electrode 128, 
a right Ventricular ring electrode 130, a right ventricular 
(RV) coil electrode 132, and an SVC coil electrode 134. 
Typically, the right ventricular lead 108 is transvenously 
inserted into the heart 102 to place the right ventricular tip 
electrode 128 in the right ventricular apex so that the RV coil 
electrode 132 will be positioned in the right ventricle and the 
SVC coil electrode 134 will be positioned in the Superior 
vena cava. Accordingly, the right ventricular lead 108 is 
capable of Sensing or receiving cardiac Signals, and deliv 
ering Stimulation in the form of pacing and shock therapy to 
the right Ventricle. An exemplary right ventricular lead may 
also include at least one electrode capable of Stimulating an 
autonomic nerve, Such an electrode may be positioned on the 
lead or a bifurcation or leg of the lead. 

FIG. 2 shows an exemplary, Simplified block diagram 
depicting various components of stimulation device 100. 
The stimulation device 100 can be capable of treating both 
fast and Slow arrhythmias with Stimulation therapy, includ 
ing cardioversion, defibrillation, and pacing Stimulation. The 
Stimulation device can be Solely or further capable of 
delivering Stimuli to autonomic nerves. While a particular 
multi-chamber device is shown, it is to be appreciated and 
understood that this is done for illustration purposes only. 
Thus, the techniques and methods described below can be 
implemented in connection with any Suitably configured or 
configurable Stimulation device. Accordingly, one of skill in 
the art could readily duplicate, eliminate, or disable the 
appropriate circuitry in any desired combination to provide 
a device capable of treating the appropriate chamber(s) or 
regions of a patient's heart with cardioversion, defibrillation, 
pacing Stimulation, and/or autonomic nerve Stimulation. 

Housing 200 for stimulation device 100 is often referred 
to as the “can”, “case” or “case electrode”, and may be 
programmably Selected to act as the return electrode for all 
“unipolar” modes. Housing 200 may further be used as a 
return electrode alone or in combination with one or more of 
the coil electrodes 126, 132 and 134 for shocking purposes. 
Housing 200 further includes a connector (not shown) 
having a plurality of terminals 201,202,204, 206, 208,212, 
214, 216, 218, 221 (shown schematically and, for conve 
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4 
nience, the names of the electrodes to which they are 
connected are shown next to the terminals). 
To achieve right atrial Sensing, pacing and/or autonomic 

Stimulation, the connector includes at least a right atrial tip 
terminal (ARTIP) 202 adapted for connection to the atrial 
tip electrode 120. A right atrial ring terminal (ARRING) 201 
is also shown, which is adapted for connection to the atrial 
ring electrode 121. To achieve left chamber Sensing, pacing, 
Shocking, and/or autonomic Stimulation, the connector 
includes at least a left ventricular tip terminal (V, TIP) 204, 
a left atrial ring terminal (A, RING) 206, and a left atrial 
shocking terminal (A, COIL) 208, which are adapted for 
connection to the left ventricular tip electrode 122, the left 
atrial ring electrode 124, and the left atrial coil electrode 
126, respectively. Connection to Suitable autonomic nerve 
Stimulation electrodes is also possible via these and/or other 
terminals (e.g., via a nerve stimulation terminal SELEC 
221). 
To Support right chamber Sensing, pacing, Shocking, and/ 

or autonomic nerve Stimulation, the connector further 
includes a right ventricular tip terminal (VTIP) 212, a right 
ventricular ring terminal (VRING) 214, a right ventricular 
shocking terminal (RV COIL) 216, and a Superior vena cava 
shocking terminal (SVC COIL) 218, which are adapted for 
connection to the right ventricular tip electrode 128, right 
ventricular ring electrode 130, the RV coil electrode 132, 
and the SVC coil electrode 134, respectively. Connection to 
Suitable autonomic nerve Stimulation electrodes is also pos 
Sible via these and/or other terminals (e.g., via the nerve 
stimulation terminal SELEC 221). 
At the core of the stimulation device 100 is a program 

mable microcontroller 220 that controls the various modes 
of Stimulation therapy. AS is well known in the art, micro 
controller 220 typically includes a microprocessor, or 
equivalent control circuitry, designed Specifically for con 
trolling the delivery of Stimulation therapy, and may further 
include RAM or ROM memory, logic and timing circuitry, 
State machine circuitry, and I/O circuitry. Typically, micro 
controller 220 includes the ability to process or monitor 
input signals (data or information) as controlled by a pro 
gram code Stored in a designated block of memory. The type 
of microcontroller is not critical to the described implemen 
tations. Rather, any suitable microcontroller 220 may be 
used that carries out the functions described herein. The use 
of microprocessor-based control circuits for performing 
timing and data analysis functions are well known in the art. 

Representative types of control circuitry that may be used 
in connection with the described embodiments can include 
the microprocessor-based control system of U.S. Pat. No. 
4.940,052 (Mann et al.), the state-machine of U.S. Pat. No. 
4,712,555 (Thornander et al.) and U.S. Pat. No. 4,944.298 
(Sholder), all of which are incorporated by reference herein. 
For a more detailed description of the various timing inter 
vals used within the stimulation device and their inter 
relationship, see U.S. Pat. No. 4,788,980 (Mann et al.), also 
incorporated herein by reference. 

FIG. 2 also shows an atrial pulse generator 222 and a 
Ventricular pulse generator 224 that generate pacing Stimu 
lation pulses for delivery by the right atrial lead 104, the 
coronary sinus lead 106, and/or the right ventricular lead 108 
via an electrode configuration Switch 226. It is understood 
that in order to provide Stimulation therapy in each of the 
four chambers of the heart (or to autonomic nerves) the atrial 
and Ventricular pulse generators, 222 and 224, may include 
dedicated, independent pulse generators, multiplexed pulse 
generators, or shared pulse generators. The pulse generators 
222 and 224 are controlled by the microcontroller 220 via 
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appropriate control signals 228 and 230, respectively, to 
trigger or inhibit the Stimulation pulses. 

Microcontroller 220 further includes timing control cir 
cuitry 232 to control the timing of the Stimulation pulses 
(e.g., pacing rate, atrioventricular (AV) delay, atrial inter 
conduction (A-A) delay, or ventricular interconduction 
(V-V) delay, etc.) as well as to keep track of the timing of 
refractory periods, blanking intervals, noise detection win 
dows, evoked response windows, alert intervals, marker 
channel timing, etc., which is well known in the art. 

Microcontroller 220 further includes an arrhythmia detec 
tor 234, a morphology detector 236, and optionally an 
orthostatic compensator and a minute ventilation (MV) 
response module, the latter two are not shown in FIG. 2. 
These components can be utilized by the Stimulation device 
100 for determining desirable times to administer various 
therapies, including those to reduce the effects of orthoStatic 
hypotension. The aforementioned components may be 
implemented in hardware as part of the microcontroller 220, 
or as Software/firmware instructions programmed into the 
device and executed on the microcontroller 220 during 
certain modes of operation. 

Microcontroller 220 further includes an autonomic nerve 
stimulation module 238 for performing a variety of tasks 
related to autonomic nerve Stimulation. This component can 
be utilized by the stimulation device 100 for determining 
desirable times to administer various therapies, including, 
but not limited to, parasympathetic Stimulation. The auto 
nomic module 238 may be implemented in hardware as part 
of the microcontroller 220, or as Software/firmware instruc 
tions programmed into the device and executed on the 
microcontroller 220 during certain modes of operation. 
The electronic configuration Switch 226 includes a plu 

rality of Switches for connecting the desired electrodes to the 
appropriate I/O circuits, thereby providing complete elec 
trode programmability. Accordingly, Switch 226, in response 
to a control signal 242 from the microcontroller 220, deter 
mines the polarity of the Stimulation pulses (e.g., unipolar, 
bipolar, combipolar, etc.) by Selectively closing the appro 
priate combination of Switches (not shown) as is known in 
the art. 

Atrial Sensing circuits 244 and Ventricular Sensing circuits 
246 may also be selectively coupled to the right atrial lead 
104, coronary sinus lead 106, and the right ventricular lead 
108, through the Switch 226 for detecting the presence of 
cardiac activity in each of the four chambers of the heart. 
Accordingly, the atrial (ATR. SENSE) and ventricular 
(VTR. SENSE) sensing circuits, 244 and 246, may include 
dedicated Sense amplifiers, multiplexed amplifiers, or shared 
amplifiers. Switch 226 determines the “sensing polarity” of 
the cardiac signal by Selectively closing the appropriate 
Switches, as is also known in the art. In this way, the 
clinician may program the Sensing polarity independent of 
the Stimulation polarity. The Sensing circuits (e.g., 244 and 
246) are optionally capable of obtaining information indica 
tive of tissue capture. 

Each Sensing circuit 244 and 246 preferably employs one 
or more low power, precision amplifiers with programmable 
gain and/or automatic gain control, bandpass filtering, and a 
threshold detection circuit, as known in the art, to Selectively 
Sense the cardiac Signal of interest. The automatic gain 
control enables the device 100 to deal effectively with the 
difficult problem of Sensing the low amplitude Signal char 
acteristics of atrial or ventricular fibrillation. 
The outputs of the atrial and Ventricular Sensing circuits 

244 and 246 are connected to the microcontroller 220, 
which, in turn, is able to trigger or inhibit the atrial and 
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6 
Ventricular pulse generatorS 222 and 224, respectively, in a 
demand fashion in response to the absence or presence of 
cardiac activity in the appropriate chambers of the heart. 
Furthermore, as described herein, the microcontroller 220 is 
also capable of analyzing information output from the 
Sensing circuits 244 and 246 and/or the data acquisition 
system 252 to determine or detect whether and to what 
degree tissue capture has occurred and to program a pulse, 
or pulses, in response to Such determinations. The Sensing 
circuits 244 and 246, in turn, receive control signals over 
signal lines 248 and 250 from the microcontroller 220 for 
purposes of controlling the gain, threshold, polarization 
charge removal circuitry (not shown), and the timing of any 
blocking circuitry (not shown) coupled to the inputs of the 
Sensing circuits, 244 and 246, as is known in the art. 

For arrhythmia detection, the device 100 utilizes the atrial 
and Ventricular Sensing circuits, 244 and 246, to Sense 
cardiac Signals to determine whether a rhythm is physiologic 
or pathologic. In reference to arrhythmias, as used herein, 
“Sensing” is reserved for the noting of an electrical Signal or 
obtaining data (information), and “detection' is the process 
ing (analysis) of these Sensed signals and noting the pres 
ence of an arrhythmia. The timing intervals between Sensed 
events (e.g., P-waves, R-waves, and depolarization signals 
associated with fibrillation which are sometimes referred to 
as “F-waves” or “Fib-waves”) are then classified by the 
arrhythmia detector 234 of the microcontroller 220 by 
comparing them to a predefined rate Zone limit (i.e., brady 
cardia, normal, low rate VT, high rate VT, and fibrillation 
rate Zones) and various other characteristics (e.g., Sudden 
onset, stability, physiologic Sensors, and morphology, etc.) 
in order to determine the type of remedial therapy that is 
needed (e.g., bradycardia pacing, anti-tachycardia pacing, 
cardioversion shockS or defibrillation shocks, collectively 
referred to as “tiered therapy”). 

Cardiac Signals are also applied to inputs of an analog 
to-digital (A/D) data acquisition System 252. The data 
acquisition System 252 is configured to acquire intracardiac 
electrogram Signals, convert the raw analog data into a 
digital signal, and Store the digital signals for later proceSS 
ing and/or telemetric transmission to an external device 254. 
The data acquisition System 252 is coupled to the right atrial 
lead 104, the coronary sinus lead 106, the right ventricular 
lead 108 and/or the nerve stimulation lead through the 
Switch 226 to Sample cardiac signals acroSS any pair of 
desired electrodes. 
The microcontroller 220 is further coupled to a memory 

260 by a suitable data/address bus 262, wherein the pro 
grammable operating parameters used by the microcontrol 
ler 220 are Stored and modified, as required, in order to 
customize the operation of the stimulation device 100 to suit 
the needs of a particular patient. Such operating parameters 
define, for example, pacing pulse amplitude, pulse duration, 
electrode polarity, rate, Sensitivity, automatic features, 
arrhythmia detection criteria, and the amplitude, waveshape, 
number of pulses, and vector of each shocking pulse to be 
delivered to the patient's heart 102 within each respective 
tier of therapy. One feature of the described embodiments is 
the ability to Sense and Store a relatively large amount of data 
(e.g., from the data acquisition System 252), which data may 
then be used for Subsequent analysis to guide the program 
ming of the device. 

Advantageously, the operating parameters of the implant 
able device 100 may be non-invasively programmed into the 
memory 260 through a telemetry circuit 264 in telemetric 
communication via communication link 266 with the exter 
nal device 254, Such as a programmer, transtelephonic 
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transceiver, or a diagnostic System analyzer. The microcon 
troller 220 activates the telemetry circuit 264 with a control 
signal 268. The telemetry circuit 264 advantageously allows 
intracardiac electrograms and Status information relating to 
the operation of the device 100 (as contained in the micro 
controller 220 or memory 260) to be sent to the external 
device 254 through an established communication link 266. 

The stimulation device 100 can further include a physi 
ologic Sensor 270, commonly referred to as a “rate-respon 
Sive' Sensor because it is typically used to adjust pacing 
Stimulation rate according to the exercise State of the patient. 
However, the physiological sensor 270 may further be used 
to detect changes in cardiac output (see, e.g., U.S. Pat. No. 
6,314,323, entitled “Heart stimulator determining cardiac 
output, by measuring the Systolic preSSure, for controlling 
the stimulation', to Ekwall, issued Nov. 6, 2001, which 
discusses a pressure Sensor adapted to Sense pressure in a 
right Ventricle and to generate an electrical pressure Signal 
corresponding to the Sensed preSSure, an integrator Supplied 
with the pressure Signal which integrates the pressure signal 
between a start time and a Stop time to produce an integra 
tion result that corresponds to cardiac output), changes in the 
physiological condition of the heart, or diurnal changes in 
activity (e.g., detecting sleep and wake States). Accordingly, 
the microcontroller 220 responds by adjusting the various 
pacing parameters (such as rate, AV Delay, V-V Delay, 
etc.) at which the atrial and Ventricular pulse generators, 222 
and 224, generate Stimulation pulses. 
While shown as being included within the stimulation 

device 100, it is to be understood that the physiologic sensor 
270 may also be external to the stimulation device 100, yet 
still be implanted within or carried by the patient. Examples 
of physiologic Sensors that may be implemented in device 
100 include known Sensors that, for example, Sense respi 
ration rate, pH of blood, Ventricular gradient, cardiac output, 
preload, afterload, contractility, and So forth. Another Sensor 
that may be used is one that detects activity variance, 
wherein an activity Sensor is monitored diurnally to detect 
the low variance in the measurement corresponding to the 
Sleep State. For a complete description of the activity Vari 
ance sensor, the reader is directed to U.S. Pat. No. 5,476,483 
(Bornzin et al.), issued Dec. 19, 1995, which patent is hereby 
incorporated by reference. 
More specifically, the physiological sensors 270 option 

ally include Sensors for detecting movement and minute 
ventilation in the patient. The physiological sensors 270 may 
include a position Sensor and/or a minute ventilation (MV) 
Sensor to Sense minute ventilation, which is defined as the 
total Volume of air that moves in and out of a patient's lungs 
in a minute. Signals generated by the position Sensor and 
MV sensor are passed to the microcontroller 220 for analysis 
in determining whether to adjust the pacing rate, etc. The 
microcontroller 220 monitors the signals for indications of 
the patient's position and activity Status, Such as whether the 
patient is climbing upstairs or descending downstairs or 
whether the patient is Sitting up after lying down. 

The stimulation device additionally includes a battery 276 
that provides operating power to all of the circuits shown in 
FIG. 2. For the stimulation device 100, which employs 
Shocking therapy, the battery 276 is capable of operating at 
low current drains for long periods of time (e.g., preferably 
less than 10 uA), and is capable of providing high-current 
pulses (for capacitor charging) when the patient requires a 
Shock pulse (e.g., preferably, in excess of 2 A, at Voltages 
above 2 V, for periods of 10 seconds or more). The battery 
276 also desirably has a predictable discharge characteristic 
So that elective replacement time can be detected. 
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The stimulation device 100 can further include magnet 

detection circuitry (not shown), coupled to the microcon 
troller 220, to detect when a magnet is placed over the 
stimulation device 100. A magnet may be used by a clinician 
to perform various test functions of the Stimulation device 
100 and/or to signal the microcontroller 220 that the external 
programmer 254 is in place to receive or transmit data to the 
microcontroller 220 through the telemetry circuits 264. 
The stimulation device 100 further includes an impedance 

measuring circuit 278 that is enabled by the microcontroller 
220 via a control signal 280. The known uses for an 
impedance measuring circuit 278 include, but are not limited 
to, lead impedance Surveillance during the acute and chronic 
phases for proper lead positioning or dislodgement, detect 
ing operable electrodes and automatically Switching to an 
operable pair if dislodgement occurs, measuring respiration 
or minute ventilation; measuring thoracic impedance for 
determining shock thresholds, detecting when the device has 
been implanted; measuring Stroke Volume; and detecting the 
opening of heart Valves, etc. The impedance measuring 
circuit 278 is advantageously coupled to the Switch 226 so 
that any desired electrode may be used. 

In the case where the stimulation device 100 is intended 
to operate as an implantable cardioverter/defibrillator (ICD) 
device, it detects the occurrence of an arrhythmia, and 
automatically applies an appropriate therapy to the heart 
aimed at terminating the detected arrhythmia. To this end, 
the microcontroller 220 further controls a shocking circuit 
282 by way of a control signal 284. The shocking circuit 282 
generates shocking pulses of low (up to 0.5J), moderate (0.5 
J to 10 J), or high energy (11 J to 40 J), as controlled by the 
microcontroller 220. Such shocking pulses are applied to the 
patient's heart 102 through at least two shocking electrodes, 
and as shown in this embodiment, selected from the left 
atrial coil electrode 126, the RV coil electrode 132, and/or 
the SVC coil electrode 134. As noted above, the housing 200 
may act as an active electrode in combination with the RV 
electrode 132, or as part of a split electrical vector using the 
SVC coil electrode 134 or the left atrial coil electrode 126 
(i.e., using the RV electrode as a common electrode). 

Cardioversion level shocks are generally considered to be 
of low to moderate energy level (so as to minimize pain felt 
by the patient), and/or Synchronized with an R-wave and/or 
pertaining to the treatment of tachycardia. Defibrillation 
Shocks are generally of moderate to high energy level (e.g., 
corresponding to thresholds in the range of approximately 5 
J to approximately 40 J), delivered asynchronously (since 
R-waves may be too disorganized), and pertaining exclu 
sively to the treatment of fibrillation. Accordingly, the 
microcontroller 220 is capable of controlling the synchro 
nous or asynchronous delivery of the shocking pulses. 
Exemplary Bioenergy Generators or Biogenerators 
AS already mentioned, various exemplary bioenergy gen 

erators or “biogenerators' include a biomolecular motor or 
“biomotor” portion and an electrical generator portion. 
Referring to FIG. 3, an exemplary biogenerator 300 is 
shown. The biogenerator 300 includes a biomotor portion 
310 and a generator portion 320. Details of these two 
portions are described below. 
Exemplary Biomolecular Motors 

Various biomolecular motors are disclosed in an article by 
Soong, et al., “Powering an inorganic nanodevice with a 
biomolecular motor”, Science, 209: 1555–1557 (2000), 
which is incorporated by reference herein. In particular, 
Soong, et al., discuss nanoscale devices that integrate bio 
logical molecules with nanofabricated Structures. Soong, et 
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al., discuss a biomolecular motor that relies in part on the 
enzyme F1-ATPase, which has dimensions of approximately 
8 nm in diameter and approximately 14 nm length. 

For inorganic components. Soong, et al., used advanced 
electron-beam (e-beam) lithographic techniques which can 
provide components having sizes compatible with the Scale 
of the F1-ATPase enzyme. Soong, et al., also used nickel as 
an interfacing metallic material because it can preferentially 
bind to histidine-tagged biomolecules. Soong, et al., 
reported that nickel pillars or supports, on which the F1-AT 
Pase motor were attached, facilitated rotary motion by 
reducing drag force associated with the medium near the 
Substrate Surface. Further, the base of the pillars or Supports 
was formed through Silicon dioxide (SiO2) deposition and 
Subsequent patterning through reactive ion etching. Soong, 
et al., constructed Ni tips through e-beam lithography to 
form dots patterns on resist wherein metallic deposition and 
lift-off left the remaining Ni post or Support tops. Soong, et 
al., also fabricated nickel rods on a separate, Silicon Substrate 
that were subsequently lifted-off and collected in solution. 
Treatment of a glass coverslip with buffer Solutions contain 
ing motors and rods resulted in Single molecule attachment 
to patterned post structures. 

Soong, et al., Successfully demonstrated anti-clockwise 
rotation of a nanofabricated nickel rod. For example, accord 
ing to Soong, et al., upon introduction of a bioenergy Source 
(e.g., 2 mM ATP), a nickel rod attached to an F1-ATPase 
enzyme rotated with a mean Velocity of approximately 4.8 
revolutions-per-Second and a mean torque of approximately 
19.5 pN-nm with approximately 50% efficiency. 

Referring to FIG. 4, a side view (Z-X plane) and a top view 
(y-X plane) of an exemplary biomotor 410 are shown. The 
biomotor 410 includes a biological motor 412, a cap 414, 
one or more tags 415, 415', a support 416, and a bioenergy 
Source 418, 418', 418". For example, F1-ATPase optionally 
Serves as the biological motor 412, a biotinylated cysteine 
optionally Serves as the cap 414, histidine optionally Serves 
as a tag 415, 415', nickel optionally serves as a support 416, 
and ATP optionally serves as a bioenergy source 418, 418, 
418". In this example, (e.g., see Soong, et al.) hydrolysis of 
the bioenergy Source causes an anti-clockwise rotation of the 
motor. 

AS described herein, various exemplary biogenerators 
include a biomotor, Such as, but not limited to, those 
disclosed in the aforementioned article by Soong, et al. 
(2000). For example, in various exemplary biogenerators, 
the “rod” of Soong, et al., is replaced with one or more 
magnets and/or one or more coils. 
Of course, other biomotors are also optionally suitable for 

use with generators disclosed herein. For example, a number 
of enzymes Such as, but not limited to, kinesin, RNA 
polymerase, myosin, adenosine triphosphate (ATP) Synthase 
and/or genetically modified variants thereof can optionally 
function as linear or rotary biological motors. 
Exemplary Electric Generators 

Electric generators, such as the generator 320 of FIG. 3, 
convert energy from a mechanical form to an electric form 
via a process known generally as electromechanical energy 
conversion. According to Faraday's law of electromagnetic 
induction, an electromotive force (emf) can be induced in a 
coil (or winding) by exposing the coil to a varying magnetic 
field and/or by moving the coil in a magnetic field. A typical 
configuration includes a Static portion and a rotating portion. 
For example, an emf is induced in a coil by rotating the coil 
(e.g., rotor) in the magnetic field of a static magnet (e.g., 
Stator). Similarly, an emf is also induced in a coil (e.g., 
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10 
Stator) exposed to a time-varying magnetic field produced 
by, for example, a rotating magnet (e.g., rotor). 

Referring to FIG. 5, a side view (e.g., Z-X plane) and a top 
view (e.g., x-y plane) of an exemplary generator 520 are 
shown. Both views include a coil 524 and a magnetic field 
528 associated with a dipole magnet having a north pole 532 
and a South pole 532". According to this exemplary generator 
520, the coil 524 serves as a rotor while the dipole magnet 
(e.g., poles 532, 532) serves as the stator. The coil 524 
intersects the magnetic field 528 at approximately right 
angles near the north pole 532 and near the South pole 532. 
AS the coil 524 rotates about the Z-axis, a current i is induced 
in the coil. Near the South pole 532', the current i is aligned 
with the positive Z-axis whereas near the north pole 532, the 
current i is in the opposite direction. AS shown in the top 
view (x-y plane), the current i near the south pole 532 is 
out-of-the-page () while it is in-to-the-page (+) near the 
north pole 532. However, when the coil 524 rotates (e.g., 
counterclockwise), the current i in the coil changes direction 
as the coil 524 rotates. 
A variety of Schemes are Suitable to extract current from 

the exemplary generator 520. For example, a pair of 
“brushes' may be used to extract a substantially direct 
current wherein one brush always has a positive potential 
relative to another brush. Such brushes or contacts may 
contact the coil from the Side or from the top. Of course, a 
variety of other Schemes are also possible for extracting 
direct and/or alternating currents. Such Schemes optionally 
use capacitors or the like. 

Referring to FIG. 6, a side view (e.g., Z-X plane) and a top 
view (e.g., x-y plane) of another exemplary generator 620 
are shown. Both views include a coil 624 and a magnet 630 
having a north pole and a South pole. According to this 
exemplary generator 620, the coil 624 Serves as a Stator 
while the dipole magnet 630 serves as the rotor. Further, as 
shown, the coil 624 is wound around a core 628. Of course, 
an exemplary coil is optionally imprinted, etched, etc. on a 
material. According to the exemplary generator 620, an emf 
is induced in the coil 624 upon rotation of the magnet 630 
(e.g., see x-y plane View). 
A side view (e.g., Z-X plane) and a top view (e.g., X-y 

plane) of yet another exemplary generator 720 are shown in 
FIG. 7. Both views include a coil stator 724 and a magnet 
rotor 730 having two north poles and two south poles. 
Further, as shown, the coil 724 is wound around a core 728. 
Of course, an exemplary coil is optionally imprinted, etched, 
etc. on a material. According to the exemplary generator 
720, an emf is induced in the coil 724 upon rotation of the 
magnet rotor 730 (e.g., see x-y plane view). While the 
magnet rotor 730 has two north poles and two south poles, 
rotorS having additional poles are also optionally Suitable for 
use in a generator. 

Referring to FIG. 8, three exemplary generator configu 
rations 820 are shown. The top configuration 822 has a 
Square core, the middle configuration 822 has a triangular 
core and the bottom configuration 822" has a circular core. 
The number of coils and the position of the coils in these 
three configurations 822, 822, 822" are exemplary only as 
other configurations are possible. In addition, the magnets 
830, 830', 830" are optionally permanent and/or electric 
magnets. are The top configuration 822 is the same as the 
configuration 620 of FIG. 6. A corresponding plot of emf 
versus time is also shown for this configuration 822, which 
is Substantially sinusoidal in Shape given a constant rotor 
Speed and referred to herein as a Single-phase generator. The 
middle configuration 822 has three coils 824' positioned at 
approximately 120 intervals on a core 828. As the rotor 830 
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rotates, emfs induced in three coils 824' are out-of-phase by 
approximately 120. This configuration 820' is referred to 
herein as a three-phase generator. Various electrical connec 
tions are possible for linking emfs in a three-phase generator 
and include “delta” and “wye' connections. In a delta 
connection, the positive end of each coil is connected to the 
negative end of an adjacent coil. In a wye connection, all 
positive ends are connected and a neutral terminal is con 
nected to the positive ends. The negative ends are generally 
connected to individual negative terminal wires. 

Referring to FIG. 9, various exemplary systems of bio 
generators 900 are shown. The exemplary system 910 
includes a plurality of rectangular-walled cells, the exem 
plary System 912 includes a plurality of triangular-walled 
cells and the exemplary system 914 includes a plurality of 
circular-walled cells. The individual cells in the systems 
910, 912, 914 include a biomotor portion and an electric 
generator portion. For example, referring to FIG. 10, a side 
view of an exemplary cell 1000 is shown. The cell 1000 
includes biomotor components of the biomotor 410 of FIG. 
4 and generator components of the generator 620 of FIG. 6. 
More specifically, the biomotor includes biomolecules 1012, 
a cap 1014, tags 1015, 1015', a support 1016, and various 
bioenergy sources 1018, 1018", 1018". The generator 
includes a coil 1024, a core 1028 and a magnet rotor 1030. 
Of course, the core 1028 and/or coil 1024 are optionally 
integral with a cell wall. In addition, an aqueous layer may 
rise from the support 1016 to any level along the Z-axis, for 
example, to the top of the biomolecules 1012. Further, the 
coil 1024 and/or core 1028 are optionally electrically insu 
lated but not magnetically insulated from the aqueous layer. 
Such insulation may prevent electrical short circuits and/or 
prevent corrosion/chemical reaction between acqueous com 
ponents and a coil and/or a core. 

Referring to FIG. 11, a side view of another exemplary 
cell 1100 is shown. The cell 1100 includes biomotor com 
ponents of the biomotor 410 of FIG. 4 and generator 
components of the generator 520 of FIG. 5. More specifi 
cally, the biomotor includes biomolecules 1112, a cap 1114, 
tags 1115, 1115', a support 1116, and various bioenergy 
Sources 1118, 1118, 1118". The generator includes a coil 
1124 and a magnetic field 1128 associated with a magnetic 
north pole 1132 and a magnetic south pole 1132". Of course, 
the magnetic north pole 1132 and/or the magnetic South pole 
1132' are optionally integral with a cell wall. In addition, an 
aqueous layer may rise from the Support 1116 to any level 
along the Z-axis, for example, to the top of the biomolecules 
1112. Further, the magnetic north pole 1132 and the mag 
netic South pole 1132 and/or the coil 1124 are optionally 
electrically insulated but not magnetically insulated from the 
aqueous layer. Such insulation may prevent electrical short 
circuits and/or prevent corrosion/chemical reaction between 
aqueous components and a coil and/or a magnet. 

Exemplary Implantable Device with a Biogenerator System 
Referring to FIG. 12, an approximate diagram 1200 of 

exemplary biogenerator Systems 1214, 1214 are shown in 
relation to an exemplary implantable Stimulation device 
1202 and tissue 1204. The stimulation device 1202 option 
ally includes various components of the exemplary device 
100 of FIG. 1 and FIG. 2. In general, the biogenerator 
System 1214 includes one or more circuits that join cells to 
thereby provide an output emf. Such output is optionally 
directed to a storage device (e.g., battery, capacitor, etc.) In 
addition, the biogenerator 1214 optionally has a permeable 
layer 1218 that allows for influx and/or efflux of bioenergy 
Sources (e.g., ATP, etc.). Of course, an exemplary biogen 
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12 
erator or biogenerator system (e.g., systems 912,914,916 of 
FIG. 9) may be considered an implantable device. 
While the exemplary biogenerator system 1214 is shown 

as part of a larger implantable device 1202, various exem 
plary biogenerators and/or biogenerator Systems are Suitable 
for implantation in and/or near tissue. Such exemplary 
biogenerators and/or biogenerator Systems optionally 
deliver Stimulation pulses locally to tissue, for example, to 
nerve and/or muscle tissue. For example, the exemplary 
biogenerator system 1214" has dimensions suitable for 
implantation in tissue 1204 (e.g., of the autonomic nervous 
System, the heart, etc.). Such a System optionally includes 
use of a membrane and/or other permeable Surface. Elec 
tricity is optionally delivered directly to tissue from one or 
more coils. Such an exemplary biogenerator System may 
optionally act as a node (e.g., SA or AV node) to affect and/or 
control heart rhythm. 
Exemplary Method 
An exemplary method 1300 for inducing an emf is shown 

in FIG. 13. In a supply block 1304, a biomotor is supplied 
with a bioenergy Source, for example, ATR Next, in a react 
block 1308, the bioenergy source reacts with the biomotor, 
for example, ATP is hydrolyzed by F1-ATPase. In an induc 
tion block 1312, the biomotor causes a coil and/or a magnet 
to rotate (and/or translate) and thereby induce an emf in the 
coil and/or in another coil. According to the exemplary 
method 1300, the emf may charge a battery and/or capacitor 
and/or be used for another function related to an implantable 
Stimulation device and/or other implantable device. In one 
exemplary method, a human body Supplies the bioenergy 
SOCC. 

Although exemplary methods, Systems and/or devices 
have been described in language specific to Structural fea 
tures and/or methodological acts, it is to be understood that 
the Subject matter defined in the appended claims is not 
necessarily limited to the Specific features or acts described. 
Rather, the Specific features and acts are disclosed as exem 
plary forms of implementing the claimed methods, Systems 
and/or devices. 
What is claimed is: 
1. A method for generating an electromagnetic force in an 

implantable device comprising: 
providing a bioenergy Source; and 
reacting the bioenergy Source with one or more biological 

molecules to cause at least one of rotation and trans 
lation of a magnet to thereby induce an electromagnetic 
force in a coil positioned proximate to the magnet. 

2. The method of claim 1, wherein the bioenergy source 
is ATP 

3. The method of claim 1, wherein the biological molecule 
is an enzyme. 

4. The method of claim 3, wherein the enzyme is F1-AT 
Pase. 

5. A method for generating an electromagnetic force in an 
implantable device comprising: 

providing a bioenergy Source; and 
reacting the bioenergy Source with one or more biological 

molecules to cause at least one of rotation and trans 
lation of a coil in a magnetic field to thereby induce an 
electromagnetic force in the coil. 

6. The method of claim 5, wherein the bioenergy source 
is ATP 

7. The method of claim 5, wherein the biological molecule 
is an enzyme. 

8. The method of claim 7, wherein the enzyme is F1-AT 
Pase. 
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9. A biogenerator, capable of generating an electromag 
netic force, comprising: 

a generator comprising a coil and a magnet, wherein the 
coil and magnet are displaceable relative to each other 
to induce an electromagnetic force in the coil; and 

a biomolecularmotor coupled to the generator, comprising 
a bioenergy Source, and operative to cause a reaction to 
occur between the bioenergy Source and one or more 
biological molecules to control the generator. 

10. The biogenerator of claim 9, wherein the generator 10 
comprises a rotating coil generator. 

11. The biogenerator of claim 9, wherein the generator 
comprises a rotating magnet generator. 

12. The biogenerator of claim 9, wherein the biomotor 
comprises an enzyme. 

13. The biogenerator of claim 12, wherein the enzyme 
comprises an enzyme Selected from the group comprising 
kinesin, RNA polymerase, myosin, adenosine triphosphate 
Synthase and/or genetically modified variants thereof. 

14. The biogenerator of claim 12, wherein the enzyme 
comprises F1-ATPase. 
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15. A method for controlling head function comprising: 
implanting a biogenerator in tissue; 
Supplying the biogenerator with a bioenergy Source by 

reacting the bioenergy Source with one or more bio 
logical molecules, 

generating electricity using the biogenerator and the 
bioenergy Source; and 

Stimulating cardiac tissue using the electricity. 
16. The method of claim 15, wherein the bioenergy source 

is ATP 
17. The method of claim 15, wherein the biological 

molecule is an enzyme. 
18. The method of claim 17, wherein the enzyme is 

F1-ATPase. 

19. The method of claim 15, wherein the enzyme com 
prises an enzyme Selected from the group comprising kine 
Sin, RNA polymerase, myosin, adenosine triphosphate Syn 
thase and/or genetically modified variants thereof. 


